Abstract-Germanium and Silica co-deposition in MCVD process is studied with varying the flow ratio of GeC�/SiCI4 at high temperature without phosphorus. The range of ratio is from 0.1 to 0.6 with temperature deposition 2100·C. The incorporation of germanium in silica matrix is deduced from the EPMA SEM-EDX. The experimental result is compared to theory such as thickness deposited layer and mole fraction of germanium in silica.
INTRODUCTION
Germanium is an interesting optical material due to the physical and chemical properties [1] . Their structure that compatible with silica (Si02) and higher refractive index (than pure silica) makes them among popular dopant in fiber optic. Germanium doped silica also becomes more interesting in radiation shielded fiber in thermo luminescence research community [2] .
Most common technique to fabricate germanium-doped silica preform is Modified Chemical Vapor Deposition (MCVD) besides Outside Vapor Deposition (OVD) and Vertical Axial Deposition (V AD) [2] . However, to the best of our knowledge, the details of such MCVD process such the effect of flow ratio of GeCIJSiC� at high temperature and with no phosphorus has not been reported.
In this paper, we report a study conducted to examine the effect of flow GeCIJSiCl4 ratio at high temperature without phosphorus. The range of ratio is from 0.1 to 0.6 with temperature deposition 2100°C. The incorporation of germanium in silica matrix is subsequently deduced from the EPMA SEM-EDX. Our observation indicates that such flow ratio together with the thermophoretic process, has a profound effect on the deposition rate.
II. MCVD PROCESS
In MCVD technique, process precursor silica and germanium (SiCI4 and GeCI4) and oxygen (02), is flow into the rotating substrate tube (pure high quality silica). The mixture of these vapors then is oxidized with high temperature (H2/02 burner or furnace) (1300-2100°C) and move forward and backward several passes depending on 978-1-4673-6075-3/13/$31.00 ©2013 IEEE the targeted value. As the mixed vapor approach the hot zone, the vapors turned to white small powder like (soot) and distributed along the substrate tube by the thermophoretic process. Thermophoretic process is described as temperature dependence and size of particle deposition profile. After soot deposition, the tube is heated more (by increasing T to 1800-2100°C) in order to sinter the soot particle. The powder consider sintered when it is transparent enough from naked eye. Then the sintered preform is proceed with collapsing and sealing of the hollow preform. At this step, higher temperature is needed. Equation (1) and (2) represent the chemistry of SiCl4 and GeCl4 oxidation:
Obviously (from Equation (1) and (2), SiC� is completely oxidized during MCVD process [3] . On the other hand, GeCl4 oxidation and incorporation is heavily affected by the unfavorable thermodynamic equilibrium (Equation 2). At the appropriate condition, addition of Cl2 (which could come from Equation 1) will shift the equilibrium farther to the left. Incorporation of Ge02 in deposited silica also affected at higher temperature (especially during sintering, collapsing and sealing) with evaporation of Ge02 itself as representation in Equation 3 [3] The deposited mole fraction of Ge02, X can be empirically predicted by
where K, Y and P is equilibrium constant, actIVIty coefficient and partial pressure of respective species. In this paper, we reported the deposition of germanium doped silica without phosphorus at fixed temperature deposition �2100°C. The effect of GeC14/SiC4 is study from 0.1 to 0.6 with fixed amount of helium and oxygen flow.
III.
EXPERIMENTAL PROCEDURES
The sample was fabricated using standard MCVD process steps and conditions.High purity silica subtrate is used and process steps such as etching and polishing, deposition, sintering and collapsing. Table 1 listed the main process parameter in this study. MCVD process started with cleaning (by etching) and fire polish process at 1800-1900°C. This follow by deposition of barrier layers of silica and then deposition of the core layers with forwad deposition direction (Table 1 listed down the parameters). Final steps is sealing and collapsing the hollow substrate tube into a silica preform. The fabricated preform then is analyzed using preform Figure 1 shows the index different of Ge02 doped silica preform profile. Index difference shows steps increment along deposited area (2.81 mm in diameter). In the center of the preform, a dip structure (decreasing of index difference) is observed with refractive index dropping from � 0.008 to .000065. This dip originates from the evaporation of Ge02 (Eq 3). This occurs due to low vapor pressure of Ge02 (relatively) compared to Si02. From refractive index profile, deposition rate of silica is determined using the following relationship [4] Deposition rate = Table 2 lists down information about fabrication process. Deposition process, which determined the cross sectional area of the deposited layer. (CSAlayer = m 2 , where r is radial of deposited layer) is very important information for process optimization. Deposition rate is equal to the product of molar oxide flow and the deposition efficiency, QD = I)QG. From the result, reaction rate shows increasing from 0.07 to 0.24 g/min and at molar oxide ratio 0.652 it decreased. In MCVD process, the deposition efficiency is determined to be only a function of reaction temperature (Trxn) as in relation below [5] Ecx.
(6)
Where Te is temperature equilibirum, temperature of tube wall downstream ( outlet of the process)
In this work, temperature reaction used is high (2100°e) and futhermore no phosphorus was involved, as phosphorus can influence the process temperature. Phosphorus strongly influences the particle growth dynamics and the consolidation of particulate layer by decreasing the glass viscosity. Since high temperature used, more fine particle (few nanometer to micron) is produced and these particles may deposited at the outlet of the tube. In this work also, no modification to increase the deposition rate such as cooling the subtrate tube or backword deposition. Figure 2 shows the plot of index difference (!m) and Ge/Si molar flow. A linear relationship between the L'ln and molar flow of oxide. Figure 3(a) shows the SEM image of surface of the germanium doped region; the ring structure represented the doped layer. The dip structure also can be observed from this image; less contrast in the middle of region. Figure 3(b) shows EMPA (SEM-EDX) analysis (by mapping and point ID technique). Germanium distribution almost similar with index different profile; mole fraction increased as the molar volume of Ge02 is increased. In this sample, maximum Ge02 incorporated is ;:: 6.5 mole (%) mole. [6] and S. Joh et. al [7] reported that experimentally and theoretically GeCl4 conversion at high temperature 2000-2100 0 C is almost 40-60% .Again in this work due to temperature, the efficiency of GeCl4 conversion is enhanced. However, low thermophoretic efficiency might cause the finer germanium particle product to be deposited at the outlet of process. Another additional loss is evaporation of germanium oxide during sintering and collapsing process. When particle starts to form, small Ge particles can readily diffuse from center to the surface. As the result, more Ge02 incorporated is diffused out from silica. E. M. Dianov et. al [8] reported high incorporation of germanium up to 97 mole% is can be archived by increasing the thermophoretic efficiency (by cooling or deposition direction) and optimizing the temperature such as soft sintering and collapsing process. Preform Diameter (mm) 
V. CONCLUSION
We have investigated the effect of Ge/Si molar flow during germanium and silica co-doping in MCVD process. Low deposition rate is observed due to thermophoretic efficiency in this work. Germanium incorporation is determined using Electron Probe Microanalysis (EPMA) SEM-EDX that shows maximum incorporation of 6.5 mole%.
